The acidic strength of selected Brønsted/Lewis superacids is evaluated on the basis of theoretical calculations carried out at the QCISD/6-311++G(d,p) level. The energies and Gibbs free energies of deprotonation processes for nHF/AlF 3 and nHF/GeF 4 (n ¼ 1-6) are found to depend on the number (n) of hydrogen fluoride molecules (playing a Brønsted acid role) surrounding the AlF 3 and GeF 4 Lewis acids.
Introduction
Superacids are commonly considered as compounds exhibiting acidity stronger than 100% sulfuric acid, which means that their Hammett acidity function (H 0 ) is smaller than À12.
1,2 Even though this term was used for the very rst time in 1927, 3 the superacid chemistry was developed mainly in the 1960s and 1970s by Olah and Hogeveen, who investigated non-aqueous HSO 3 F/SbF 5 and HF/SbF 5 systems, [4] [5] [6] [7] [8] [9] and by Gillespie. 1,2 Since then, superacids remain the subject of continuing theoretical [10] [11] [12] [13] and experimental [14] [15] [16] [17] [18] [19] investigations concerning their structure, stability and acidity. Our group contributed to these studies by addressing the issue of the HAlCl 4 instability, 20 predicting the acidic strength of the aluminum-based HF/AlF 3 (HAlF 4 ), HF/Al 2 F 6 (HAl 2 F 7 ), HF/Al 3 F 9 (HAl 3 F 10 ), and HF/Al 4 F 12 (HAl 4 F 13 ) systems, 21 investigating the dissociative excess electron attachment to the HAlF 4 superacid 22 (whose properties were earlier determined by the Radom group 23, 24 ), examining the strength of the Brønsted/Lewis superacids containing In, Sn, and Sb (i.e., HIn n F 3n+1 , HSn n F 4n+1 , and HSb n F 5n+1 (n ¼ 1-3)), 25 and, most recently, by demonstrating that the protonation of superhalogen anions 26, 27 might be considered as the route to superacids' formation in selected cases only, 28 despite the fact that various superhalogens containing heavy metals as central atoms (e.g., InF 4 , SbF 6 , Sb 2 F 11 , SnF 5 , Sn 2 F 9 ) were utilized in the past to create atypical salts and complexes [29] [30] [31] [32] [33] [34] [35] even with noble gases (Kr and Xe).
36-39
The Lewis-Brønsted superacids consist of strong Lewis acid molecules (such as AlF 3 ) interacting with strong Brønsted acid molecules (e.g., HF) and thus their deprotonation process might be described by the following reaction scheme (that assumes the excess of a representative Brønsted acid): nHF/AlF 3 / ((n À 1)HF/AlF 4 )
À + H + .
Clearly, the microsolvation of an anionic species (whose role is played by the AlF 4 À in the above scheme) is expected to be responsible for the change in energy with respect to the neutral microsolvated species. The Gibbs free energies of the superacid deprotonation reactions (DG acid ) are commonly utilized while describing the acidity of superacids. Although estimated only for the gas phase, the DG acid values were found useful in designing novel systems exhibiting signicant acidity. It is worth noting that the strongest superacids proposed thus far were found to possess their Gibbs free energies of deprotonation in the 249-270 kcal mol À1 range. 11 Most recently, Srivastava and Misra also reported small DG acid values (indicating strong acidity) for HBeCl 3 (272 kcal mol À1 ), HPF 6 (281 kcal mol À1 ), and HLiCl 2 (284 kcal mol À1 ), 13 whereas our group demonstrated that even smaller Gibbs free deprotonation energies are estimated for HGaCl 4 À is a well-known system which was extensively utilized to create atypical salts and complexes.
40-42
As indicated above, the theoretical search for novel superacids that have been carried out during last few years led to proposing various promising molecular systems whose usefulness as strong acids is yet to be veried experimentally. In our opinion, however, one important issue was being neglected while performing those investigations employing quantum chemistry methods. Namely, it was preconceived that the number of molecules playing the Brønsted acid role (e.g., HF) is approximately equal to the number of molecules that play the Lewis acid role (e.g., SbF 5 , AlF 3 ) in the mixture that represents a given Lewis-Brønsted superacid. In other words, it was assumed that these both components are combined using 1 : 1 ratio. As a consequence, the simplest 'building block' that was supposed to exhibit the superacid properties was thought of as composed of a single Lewis acid molecule interacting with one Brønsted acid system. Thus, in this contribution we are going to address the issue of the Brønsted/Lewis system acidity in a different way, namely, we intend to verify whether the acidic strength of such species depends on the number of Brønsted acid molecules surrounding a single Lewis acid moiety. Our decision to undertake such a study was motivated by the following observations: (i) the recently reported crystal structures of the HF/AsF 5 (HAsF 6 [43] [44] [45] and (iii) some superacid preparation procedures describe the use of the excess of anhydrous hydrogen uoride.
19 Therefore, one might speculate that each Lewis acid molecule may interact with more than one HF moiety in the nal superacid mixture. In addition, it seems likely that the mutual interactions among the HF moieties surrounding each Lewis acid molecule contribute to the system's ability to donate a proton. Hence, in order to shed more needed light on this problem, we decided to investigate the gas phase Gibbs free deprotonation energy dependence on the number of hydrogen uoride molecules surrounding two arbitrarily chosen Lewis acids (i.e., AlF 3 and GeF 4 ).
Methods
The nHF/AlF 3 and nHF/GeF 4 (n ¼ 1-6) closed-shell neutral systems (i.e., AlF 3 and GeF 4 Lewis acids surrounded by n hydrogen uoride molecules) and their corresponding anions (i.e., negatively charged closed-shell species formed by deprotonation) were investigated using theoretical quantum chemistry methods. In particular, the equilibrium geometries and harmonic vibrational frequencies were calculated using Density Functional Theory (DFT) method with the B3LYP Since the proper evaluation of the thermodynamic properties might be questionable in the case of weakly bound systems, we mainly focus on the deprotonation energies (DE) characterizing the species investigated, whereas the presented Gibbs free deprotonation energies (DG acid ) should be considered as less reliable and possibly plagued by errors.
The partial atomic charges (q ESP ) were tted to the electrostatic potential according to the Merz-Singh-Kollman scheme.
53
All calculations were performed using the GAUSSIAN 09 (Rev. A.02) package. 
Results

The AlF 3 Lewis acid surrounded by various number of HF molecules
The lowest energy structures of nHF/AlF 3 (n ¼ 1-6) systems are depicted in Fig. 1 whereas the corresponding higher energy isomers are shown in Fig. 2 Table 1 . In addition, we found two other isomeric structures of 2HF/AlF 3 (see 2HF/AlF 3 (2) and 2HF/AlF 3 (3) in Fig. 2 ) having their energy larger by 6-9 kcal mol À1 than the lowest energy structure 2HF/AlF 3 (1) . Interestingly, the structures of these higher energy isomers are qualitatively different, as the isomer 2HF/AlF 3 (2) contains two HF molecules localized on the opposite sides of the quasi-planar AlF 3 fragment which allows for the formation of two dative bonds (HF / Al(3p) ) FH) and two H-bonds between HF and AlF 3 fragments, whereas the structure of 2HF/AlF 3 (3) contains one HF system forming a dative HF / Al(3p) bond with AlF 3 and the second one linked (via the H-bond) to the uorine atom of the central AlF 3 unit, see Fig. 2 . The lowest energy isomer 3HF/AlF 3 (1) depicted in Fig. 1 resembles the most stable structure of 2HF/AlF 3 (1) with one more HF molecule involved in the resulting three member HFbased bridge whose F-end forms a dative bond with Al's empty 3p atomic orbital while the H-terminus is linked (via H-bond) to the F atom of the AlF 3 fragment. It seems important to stress that the H-F bond lengths in three HF molecules span the 0.968-1.015Å range and the partial atomic charges in each of these HF units sum up to zero which clearly indicates that the whole system is correctly described by the 3HF/AlF 3 formula, see Table 1 (analogous decrease of DG acid by 3 kcal mol À1 is also observed). We also found two other geometrically stable structures of 3HF/AlF 3 (depicted in Fig. 2 as 3HF/AlF 3 (2) and 3HF/AlF 3 (3)) having their electronic energies within 6 kcal mol À1 with respect to the global minimum. The structure 3HF/ AlF 3 (2) resembles the 2HF/AlF 3 (2) with the additional (third) HF molecule enabling the H-bond connection to the AlF 3 moiety, whereas the structure of 3HF/AlF 3 (3) clearly corresponds to the 2HF/AlF 3 (1) with the additional HF molecule Hbonded to the uorine atom of the AlF 3 , see Fig. 1 and 2. Again, it appears that all three HF fragments in both 3HF/AlF 3 (2) and 3HF/AlF 3 (3) are typical hydrogen uoride systems with their vanishing net partial atomic charges and 0.932-0.997Å bond lengths. The lowest energy structure of 4HF/AlF 3 (depicted in Fig. 1 as 4HF/AlF 3 (1)) mimics a trigonal bipyramid AlF 5 having two elongated (2.013Å) F / Al dative bonds and three shorter (1.669-1.725Å) covalent Al-F bonds (in the planar AlF 3 fragment) whose uorine ligands are connected via the H-bond networks. However, taking into account the bond lengths and partial atomic charges (summing up to zero for each of four HF fragments), one should consider this system as the AlF 3 and four HF molecules assembled together (rather than, for instance, composed of the AlF 5 2À dianion and two H 2 F + Fig. 2 The structures of the higher energy isomers of the nHF/AlF 3 superacids (n ¼ 1-6). Selected bond lengths are given inÅ. Relative energies (DE) with respect to the corresponding lowest energy isomers are given in kcal mol
À1
. Dative bonds and hydrogen bonds are represented by the dotted lines. (1) in Fig. 1 ). In addition, the conclusion about the presence of the AlF 3 and four HF units formulated for the structure 4HF/AlF 3 (1) (i.e., indicating the absence of H 2 F + cations) remains valid also for the competitive isomer 4HF/AlF 3 (2), hence justifying its 4HF/AlF 3 formula. While investigating the AlF 3 Lewis acid surrounded by ve HF molecules, 5HF/AlF 3 , we found the lowest energy structure 5HF/AlF 3 (1) (depicted in Fig. 1 ) and three higher energy isomers (shown in Fig. 2 as isomers 2, 3, and 4) . The global minimum 5HF/AlF 3 (1) resembles the lowest energy isomer 4HF/AlF 3 (1) as it also contains a trigonal bipyramid AlF 5 with two elongated (1.963-2.033Å) F / Al dative bonds and three shorter (1.671-1.726Å) covalent Al-F bonds (in the planar AlF 3 fragment) whose F ligands are linked via the H-bonded units. However, as it was observed and discussed for 4HF/AlF 3 (1) (see the preceding paragraph), the more proper way of viewing this system is that consistent with the 5HF/AlF 3 formula, as neither AlF 5 2À dianion nor H 2 F + cations are present (as it might have been expected when distinguishing the AlF 5 core as the independent fragment of the structure). Such a conclusion is supported by the typical (0.959-0.985Å) lengths of H-F bonds in all ve HF moieties and their vanishing net atomic partial charges (i.e., atomic partial charges in each HF fragment sum up to zero and this is also the case for the remaining AlF 3 fragment), see Fig. 1 . The DE of 269 kcal mol À1 was predicted for 5HF/AlF 3 (1) which means the 2 kcal mol À1 decrease in comparison to 4HF/ AlF 3 (1), see Table 1 . Certainly, it should result in a slightly stronger acidity of the former compound, however the reported DE drop seems rather small. As far as the higher energy isomers of 5HF/AlF 3 are concerned, the three remaining isomers shown in Fig. 2 possess their relative energies within 4-5 kcal mol
and thus they might be considered as competitive. The structure of 5HF/AlF 3 (2) resembles that of 4HF/AlF 3 (2) with the additional HF molecule attached to the different uorine atom of AlF 3 unit, the structure of 5HF/AlF 3 (3) bears a similar resemblance to the 4HF/AlF 3 (1), whereas the structure of 5HF/ AlF 3 (4) is composed of the AlF 3 fragment whose only two F atoms are involved in the connections to the HF molecules (alike it was observed for 2HF/AlF 3 (1), 3HF/AlF 3 (1), and 4HF/ AlF 3 (2)), however, the (HF) n internally H-bonded linkage consists of ve HF molecules in the 5HF/AlF 3 (4) case, see Fig. 1 and 2.
Finally, the lowest energy structure of 6HF/AlF 3 (depicted as 6HF/AlF 3 (1) in Fig. 1 ) is similar to the most stable isomer of 5HF/AlF 3 (1) . Namely, the planar AlF 3 central fragment interacts with two (HF) 3 internally H-bonded moieties, each of which forms (using its F-end) the dative F / Al(3p) bond and the hydrogen H/F-AlF 2 bond (utilizing its H-terminus) with the AlF 3 core. Again, viewing the 6HF/AlF 3 (1) (1)). Namely, the difference in DE for these two species does not exceed 1.5 kcal mol À1 (see Table 1 ). We view this result as very important because it shows that the addition of the sixth HF molecule to the 5HF/AlF 3 system does not change its acidity, and thus the saturation of both DE and DG acid seems achieved (further discussion of the consequences of this result is provided in the closing section). We have also found three higher energy isomers of 6HF/AlF 3 having their relative energies in the 6-19 kcal mol À1 range (with respect to the global minimum 6HF/AlF 3 (1)), see structures 6HF/AlF 3 (2, 3, and 4) depicted in Fig. 2 . However, we believe that only one of them (6HF/AlF 3 (2) whose structure resembles that of 5HF/AlF 3 (3) with one more HF unit attached) might be considered as competitive with 6HF/AlF 3 (1) because the relative energies of 6HF/AlF 3 (3) and 6HF/AlF 3 (4) seem too large (i.e., 9 and 19 kcal mol À1 , respectively).
Having discussed the structures and acidities of the nHF/ AlF 3 (n ¼ 1-6) systems (including their isomers possessing relative energies within 20 kcal mol À1 ), we present the lowest energy anionic structures of ((n À 1)HF/AlF 4 ) À (n ¼ 1-6) that are the resulting compounds of the nHF/AlF 3 deprotonation. The equilibrium anionic structures are depicted in Fig. 3 . One may notice that the AlF 4 structural unit can be distinguished in all of these negatively charged systems, moreover, the population analysis and tetrahedral-like geometry of that AlF 4 fragment indicate that the entire excess electron density is delocalized over its uorine ligands. Thus, each ((n À 1)HF/AlF 4 ) À anion (n ¼ 1-6) is in fact composed of the quasi-tetrahedral AlF 4 À core and a certain number of HF molecules bound to its F ligands via the H-bonds. The symmetry of the resulting structures seems enforced by the number of the HF molecules attached, namely, the T d -symmetry corresponds to the AlF 4 À surrounded by either zero or four HF moieties, C 3v -symmetry is achieved for either one or three HF molecules, whereas the C 2v -symmetry anionic structure is observed when two HF systems are coordinated. Clearly, the presence of four electronegative ligands in the AlF 4 À anion indicates that this negatively charged species can be maximally stabilized by four HF molecules whereas the h hydrogen uoride system remains outside this rst coordination sphere (compare the structures of (4HF/AlF 4 ) À and (5HF/ AlF 4 ) À anions in Fig. 3 ). Thus the lowest value of deprotonation energy (DE ¼ 268.9 kcal mol À1 , see Table 1 ) for the nHF/AlF 3 superacids (n ¼ 1-6) corresponds to the 5HF/AlF 3 system while the effect of attaching an additional HF molecule is nearly marginal. Such an observation indicates the key role of microsolvation of an anionic species in the deprotonation process and its inuence on the change in energy (with respect to the neutral microsolvated system).
The GeF 4 Lewis acid surrounded by various number of HF molecules
The lowest energy structures of nHF/GeF 4 (n ¼ 1-6) systems and the corresponding higher energy isomers are depicted in Fig. 4 and 5, respectively. The structurally simplest HF/GeF 4 system (i.e., the GeF 4 Lewis acid interacting with one hydrogen uoride molecule) has already been characterized as a promising superacid consisting of the HF fragment donating its F's lone pair to the empty germanium's 4p atomic orbital of the GeF 4 quasi-tetrahedral unit. 28 The DE of 295 kcal mol À1 and DG acid of 285 kcal mol À1 predicted for HF/GeF 4 (see Table 2 ) are in good agreement with the earlier estimations obtained at a different theory level. 28 The lowest energy structure of 2HF/GeF 4 is assembled in a similar way, with one additional HF molecule attached, which results in the formation of two hydrogen bonds and in the shortening (by 0.22Å) of the HF / Ge(4p) dative bond (in comparison to the HF/GeF 4 ), see Fig. 4 . The deprotonation energy estimated for the 2HF/GeF 4 is smaller by 8 kcal mol À1 than that predicted for HF/GeF 4 , see Table 2 , which indicates considerably stronger acidity of the former species. It seems important to notice that the DE drop observed for HF/ GeF 4 upon the second HF molecule addition is much larger than the analogous DE decrease noted for the HF/AlF 3 , see the preceding section. We also found another isomeric structure of 2HF/GeF 4 (see 2HF/GeF 4 (2) in Fig. 5 ) whose energy is larger by only 4 kcal mol À1 than the energy of global minimum 2HF/GeF 4
(1). Similarly to the higher energy isomer of 2HF/AlF 3 (2) (see Fig. 2 ), the structure of 2HF/GeF 4 (2) might be described as two HF molecules attached to the opposite sides of the GeF 4 central unit which allows for the formation of one dative bond (HF / Ge(4p)) and one hydrogen bond between HF and GeF 4 fragments, see Fig. 5 . The lowest energy structures of GeF 4 interacting with three (3HF/GeF 4 (1)), four (4HF/GeF 4 (1)), ve (5HF/GeF 4 (1)), and six (6HF/GeF 4 (1)) hydrogen uoride molecules follow the same general pattern, see Fig. 4 . Namely, in each of these systems, the internally H-bonded HF-chain ((HF) n ) acts as a molecular "clasp" having two different ends -one of them (F-terminus) is involved in the (HF) n / Ge(4p) dative bond formation while the other (H-terminus) forms a hydrogen bond with one of the uorine ligands the central tetrahedral-like GeF 4 unit is decorated with. In the case of the 6HF/GeF 4 (1), however, the (HF) 6 clasp is long enough to attach its H-end to the uorine ligand localized on the opposite side of the GeF 4 fragment (with respect to the dative bond), see Fig. 4 , which in turn allows for additional stabilization coming from the interaction of another F ligand with the hydrogen atoms of the (HF) 6 chain. In each of the nHF/GeF 4 (1) (n ¼ 1-6) structures one may easily distinguish the central GeF 4 unit having its four uorine atoms localized in a quasi-tetrahedral manner around the Ge atom. On the other hand, it might be tempting to consider these structures as consisting of the GeF 5 unit (forming a deformed trigonal bipyramid) -if such a view were applied, however, it would have required the presence of at least one H 2 F (likely cationic) moiety in the remaining fragment. As we veried (by analyzing the interatomic distances and partial atomic charges), such a treatment is not justied, mainly because all the H-F bond lengths are typical for HF molecules (0.93-0.99Å), one F atom forms a signicantly elongated bond with the Ge atom, and the partial atomic charges sum up to approximately zero for each HF fragment in the nHF/GeF 4 (1) (n ¼ 1-6) structures, see Fig. 4 . Hence, we conclude that these lowest energy isomeric structures consist of the GeF 4 (rather than GeF 5 or GeF 6 ) tetrahedrallike unit and the HF molecules attached, whereas the H 2 F + fragments are absent.
The description of the nHF/GeF 4 (n ¼ 3-6) systems would not be complete if the higher energy isomeric structures were neglected. Hence, in Fig. 5 we present two additional isomers of 3HF/GeF 4 , one higher energy isomer of 4HF/GeF 4 , three isomeric structures of 5HF/GeF 4 , and three higher energy isomers of 6HF/GeF 4 . The relative energies of 3HF/GeF 4 (2) and 3HF/GeF 4 (3) (calculated as equal to 5 and 18 kcal mol À1 , respectively) indicate that only the isomer 2 may compete with the 3HF/GeF 4 (1) global minimum. The structure of 3HF/GeF 4 (2) resembles that of 2HF/GeF 4 (1) with the additional HF molecule attached to the opposite side of the GeF 4 , whereas the higher energy isomer 3HF/GeF 4 (3) contains the quasi-planar GeF 4 fragment (whose atypical structure is likely caused by the formation of two (instead of one) dative bonds), see Fig. 5 . It seems also important to note that each of three HF molecules attached to this GeF 4 fragment in 3HF/GeF 4 (3) remains nearly intact. The attachment of four HF molecules to GeF 4 leads to only one higher energy isomer (within 20 kcal mol
À1
) depicted in Fig. 5 (4HF/GeF 4 (2) ). The structure of 4HF/GeF 4 (2) contains a quasi-planar GeF 4 fragment forming two dative bonds and two hydrogen bonds with two (HF) 2 clasps that link the ligands on the opposite sides, however, its energy is 12 kcal mol À1 higher than that of 4HF/GeF 4 (1) and thus the formation of 4HF/GeF 4 (2) isomer is not likely at low temperatures. The situation is different for the 5HF/GeF 4 systems, namely, the relative energies of all three higher energy isomers (i.e., 5HF/GeF 4 (2, 3, and 4)) are rather small (not exceeding 8 kcal mol À1 ) with respect to the global minimum 1, hence they may compete with the lowest energy isomer. The structures of 5HF/GeF 4 consist of either a quasi-tetrahedral (2 and 3) or quasi-planar (4) GeF 4 unit surrounded by ve HF molecules in various ways, see Fig. 5 . Finally, the relative energies of two (2 and 3) higher energy isomers of 6HF/GeF 4 are small enough (3-6 kcal mol À1 ) to allow for their presence at low temperatures, while the energy of 6HF/GeF 4 (4) was calculated to be 11 kcal mol À1 larger than that of 6HF/GeF 4
(1). The structures of 6HF/GeF 4 (3) and 6HF/GeF 4 (4) contain a quasi-planar GeF 4 fragment allowing for the formation of two dative bonds whereas the structure of 6HF/GeF 4 (2) consists of a tetrahedral-like GeF 4 moiety linked via one dative bond with the HF molecule localized nearby, see Fig. 5 . Even though the structures of 6HF/GeF 4 (3) and 6HF/GeF 4 (4) might suggest the presence of the GeF 6 2À fragment (which in turn would enforce the presence of two H 2 F + fragments), we veried that such a supposition is not justied. As it was already discussed for the other structures, the interatomic distances in 6HF/GeF 4 (3) and 6HF/GeF 4 (4) indicate that all HF fragments resemble typical hydrogen uoride molecules (with their H-F bond lengths spanning the 0.94-1.02Å range) involved in the formation of various H-bonded structures rather than the cationic H 2 F + fragments (such a conclusion is also additionally supported by the results of the population analysis showing approximately zero net charges on each HF molecule). According to the nHF/AlF 3 (n ¼ 1-6) description provided in the preceding section, we briey comment on the anionic structures of the nHF/GeF 4 (n ¼ 1-6) superacids (i.e., the corresponding anionic systems that result from deprotonation of those compounds). As for the ((n À 1)HF/AlF 4 )
À anions (n ¼ 1-6), we limit our discussion to the lowest energy anionic isomers ((n À 1)HF/GeF 5 ) À anions (n ¼ 1-6), while their excess electron detachment energies are not considered here (although we veried that all the presented anions are electronically stable systems). The lowest energy ((n À 1)HF/GeF 5 ) À anionic structures are depicted in Fig. 6 . In each case, the GeF 5 structural unit can be distinguished with ve F ligands forming a trigonal bipyramid around the germanium atom. The population analysis indicate that the GeF 5 fragment holds the entire excess electron density in these anions (more precisely, the excess negative charge is delocalized over ve uorine ligands in GeF 5 ). Thus, each of these negatively charged systems (i.e., ((n À 1)HF/GeF 5 ) À ) should be considered as the GeF 5 À anion with the (n À 1) hydrogen uoride molecules attached. As depicted in Fig. 6 , in all cases except (5HF/ Namely, for the increasing value of n, the HF moieties are successively attached to different uorine atoms that the GeF 5 À central unit consists of (with the only exception of (5HF/GeF 5 ) À in which one F ligand is not involved, see Fig. 6 ). Again, this conrms the crucial role of microsolvation of an anionic species in the overall deprotonation process which manifests itself by the lowest values of deprotonation energy found for the 5HF/GeF 4 and 6HF/GeF 4 systems, see Table 2 .
As far as the DE and DG acid values of the nHF/GeF 4 (n ¼ 3-6) species are concerned, a gradual decrease of the deprotonation energy (accompanied by the Gibbs free deprotonation energy change) is observed when n develops from 3 to 5, see Although the energies of the deprotonation process for each investigated superacid were already briey mentioned in the previous sections, we would like to summarize these results and formulate some important conclusions concerning the acidic strength. In general, the DE values calculated for the nHF/AlF 3 and nHF/GeF 4 (n ¼ 1-6) gathered in Tables 1 and 2 indicate that the acidity strength increases with the increasing number (n) of HF molecules involved. It is manifested by the drop of the DE values (by 9 kcal mol À1 for nHF/AlF 3 and by 19 kcal mol À1 for nHF/GeF 4 ) with n developing from 1 to 5. In both cases, the attachment of the sixth HF molecule does not lead to the further acidity increase. The estimated deprotonation energies (depicted in Fig. 7) 
Conclusions
On the basis of our quantum chemical calculations performed at the QCISD/6-311++G(d,p)//B3LYP/6-311++G(d,p) level for the nHF/AlF 3 and nHF/GeF 4 (n ¼ 1-6) neutral superacids (i.e., AlF 3 and GeF 4 Lewis acids surrounded by n hydrogen uoride (Brønsted acid) molecules) and their corresponding anions (i.e., negatively charged systems formed by deprotonation of the nHF/AlF 3 and nHF/GeF 4 ) we formulated the following conclusions: (i) The acidic strength of the Brønsted/Lewis superacids (approximated here by the deprotonation energies, DE) prepared by combining the Lewis acid with the excess of Brønsted acid should not be estimated by assuming a single Lewis acid molecule interacting with one Brønsted acid molecule as a building block.
(ii) Each Lewis acid moiety is capable of interacting (dative bond and hydrogen bond formation) with more than one Brønsted acid molecule, as veried for AlF 3 and GeF 4 Lewis acids surrounded by various number (from 1 to 6) hydrogen uoride molecules.
(iii) The successive attachment of HF molecules to either AlF 3 or GeF 4 gradually increases their acidity strength (manifested by the DE decrease) which leads to the saturation of the DE value achieved for the nHF/AlF 3 and nHF/GeF 4 superacids for n ¼ 5-6.
(iv) The microsolvation of an anionic species generated in the course of a deprotonation reaction (i.e., either AlF 4 À or Although our conclusions were formulated by investigating only two arbitrarily chosen Brønsted/Lewis superacids we believe they should be more general in a sense that they might be extended to cover all such superacids prepared in the similar way. Thus the future theoretical predictions of the gas phase acidity of Brønsted/Lewis superacids cannot be limited to evaluating the properties of a building block assumed as a single Lewis acid molecule interacting with one Brønsted acid molecule.
